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RESEARCH MEMORANDUM

PERFORMANCE COMPARISONS OF NAVY JET MIX AND MIL-F-5624A
(JP-3) FUELS IN TUBULAR AND ANNULAR COMBUSTORS

By Richard J. McCafferty
SUMMARY

An investigation was conducted to compare the performances of Navy
Jet Mix and MIL-F-5624A (JP-3) fuels in single combustors from current
turbojet engines. The Navy Jet Mix fuel used was composed of three
parts MIL-F-7914, grade JP-5 fuel and one part unleaded MIL-F-5572 fuel.
Combustion efficiencies and altitude operationzl limits were determined
with both fuels in the J33, J35, J47, and NACA experimental annular
combustors in a range of altitude from 20,000 to 60,000 feet and engine
rotor speed from 40- to 100-percent normal rated at a flight Mach num-
ber of 0.6. Carbon-forming tendencies of both fuels were determined
in the J33 combustor.

The results indicate that the unleaded Jet Mix fuel could be uti-
lized satisfactorily over the normal operating range in a number of
representative current turbojet engines. Small (3 to 5 percent) posi-
tive or negative varistions in combustion efficiency occurred between
the two fuels but this variation depended on the particular engine oper-
ating condition. The Jet Mix fuel gave lower altitude limits than JP-3
fuel throughout the altitude-speed range investigated in the J33 com-
bustor; however, with the other tubular combustors a difference in
limits was obtained only in the low rotor-speed range. The variation in
fuel type d4id not affect the sltitude operational limits of the NACA
experimental annuler combustor. Excessive carbon deposition is not pre-
dicted for unleaded Jet Mix fuel although this property may be marginal.
The aromatic content of this particular Jet Mix fuel was 13.4 percent;
Jet Mix fuels containing higher percentages of aromatic constituents
may give more carbon deposition. Also, the Jet Mix fuel tested did not
contain the tetraethyl lead that would normally be present. The effects
of the lead additive were not determined.
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INTRODUCTION

Carrler-based jet aircraft operate on high-volatility, low-flash-
proint fuel which must, for safety reasons, be stored in protected,
centrally located bunkers sboard the carriers. The capaclty of these
bunkers is much less than the capacity of the perimeter bunkers contain-
ing the necessary fuel-oll supply. The jet-fuel capacity could be in-
creased and the frequency of refueling decreased by utilizing some of
these perlmeter bunkers for Jjet-fuel storage. Safety requirements per-
mit only high—flash-point (gbove 140° F} fuel to be stored in these un-
protected bunkers and such fuel would not:perform setisfactorily or
meet freezing-point requirements in present turbojet alrcraft. IT =
special kerosene type fuel were obtained which would meet the high-
flash-point safety requirements, this fuel could then be stored-in
rerimeter bunkers and blended with carrier reciprocating-engine air-
craft gasoline (MIL-F-5572, grade 115/145) a8 required. A blend of 75~
percent high-flash-point kerosene fuel (MIL-F-7914, gradé JP-5) and
25-percent aviation gasoline met the freezing-polnt requirements and
was designated Jet Mix fuel. The utlilization of this fuel is contingent
upon the satisfactory operation of jet engines on a blend of this type.

Investigations comparing the performence of Jet Mix fuel and other
fuels in current turboJjet engines and thelr combustors were conducted
at~the NACA lewls laborstory. Results of sbudles in a full-scale J34
turbojet engine comparing Jet Mix and unleaded clear gasoline fuels are
reported in reference 1. This report presents data obtained with Jet
Mix and MIL-F-5624A (JP-3) fuels 1n several single-combustor test
units, and evaluates combustion efficlency, combustion stebllity, and
carbon deposition. The Jet Mix fuel used in this investigation was
blended by volume from one part unleaded MIL-F-5572 fuel and three parts
MIL-F-7914, grade JP-5 fuel. The blend did not contaln the tetraethyl
lead that would be introduced with leaded MIL-F-5572, grade 115/145 fuel
used aboard carriers.

Combustion efficienciles and altitude operational limits of both
fuels were determined in J33, J35, J47, and WACA annular combustors.
The tubular combustors were standard production unite all currently
operated on MIL-F-56244 (JP-3) fuel; the NACA annulsr combustor ig an
experimental unit developed to operate on MIL-F-5624A (3P-3) fuel.
The performance variasbles were determined in a range of altitude from
20,000 to 60,000 feet, engine rotor speed from 40- to 100-percent normal
rated, and a flight-Mach number of 0.6. Carbon-forming tendencies of
both fuels were determined in the J33 combustor only and the resulits are
presented and discussed in relation to the NACA carbon-deposition cor-
relation used in reference 2.
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APPARATUS AND PROCEDURE

The combustors used in this investigatlon were installed in the
leboratory air-supply and exhaust ducting with valves located upstream
and downstream to control ailr flow rastes and pressures. Electric and
gaesoline-fired preheaters were used to control the combustor inlet-air
temperatures. The detailed Instrumentation and equipment features of
the combustors used have been presented in previcus HACA reports: the
J33-A-23, the J35-C-3, the J47, and the NACA anmulsr combustor, except
for minor changes in air admission holes in the liner, in references 3,
4, 5, and 6, respectively.

Estimeted combustor inlet-air conditions and combustor outlet-gas
temperatures that were used to similate engine operation at various
altitudes and engine rotor speeds can be found for the J33, the J35,
the J47, and the NACA anmular combustors, in references 7, 4, 5, and 6,
respectively.

The combustion efficiency values reported herein were computed as
the ratio of the measured enthalpy rise of the fuel-air mixbure across
the combustor to the heating value of the fuel. A correction was made
for the difference between the enthalpy of the carbon dioxide and water
vepor in the burned mixture and the enthalpy of the oxygen removed from
the air by the formation of the carbon dioxide and water vepor. The
thermocouple indications were taken as true values of total temperature
and no correctlions were made for radiation or stagnation effects.

The data presented herein should not be used to compare combustor
type and design because the values of combustion efficiency reported
were, in some cases, obtained from a limited number of exhaust-gas tem-
perature probes. However, the differences in performsnce obtained
between the two fuels are considered sufficiently accurate as any tem-
perature measuring errors would be present in both sets of data obtained
with each combustor.

FUELS

The analyses of the fuels used in this investigastion are shown in
teble I. The MIL-F-5624A (JP-3) fuel (NACA fuel 51-186) was & repre-
sentative batch as received from the supplier and met the JP-3 fuel
specification with the exception of the freezing point, which was 14© F
too high. The Jet Mix Puel (NACA fuel 51-201) was blended by volume at
the Lewils laboratory from one part unleaded MIL-F-5572 fuel (NACA fuel
49-167) and three parts MIL-F-7914, grade JP-5 fuel (NACA fuel 51-170).
The unleaded MIL-F-5572 fuel was the base stock used in the preparation
of grade 115/145, MIL-F-5572 fuel.
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The unleaded Jet Mix fuel falls within MIL-F-5624A (JB-4) fuel
specifications except that the freezing point is 16° F too high; there-
fore, the comparisons between JP-3 and Jet Mix fuel performance are
applicable to comparisons between JP-3 and JP-4 fuel performance.

RESULTS AND DISCUSSION
Combustion Efficlency end Altitude Operational Limits

The date obtained with several combustors and Jet Mix and JP-3
fuels are summarized in table II. The variation of—combustion efficiency
with simulated engine rotor speed for the two fuels is showm in figure 1L
for each combustor investigated over an altitude range from 20,000 to
60,000 feet. Cross plots showing the effect of altitude on the combus-
tilon efficiencies of the two fuels at two constant simulated rotor-speed
values are presented in figure 2. A comparison of engine altitude oper-
ational limits obtained with both fuels for all the combustors is pre-
sented in figure 3. '

J33 combustor. - The combustion efficiency values cobtained in this
combustor with Jet Mix fuel are nearly es high as those obtained with
JP-3 fuel throughout the altitude and rotor=speed range investigated,
the meximum difference being approximately 3 percent (fig. 1(a)). An
exception 1s the high simulated rotor speed and 60,000-foot altitude
condition where the combustion efficlency of JP-3 fuel decreases very
rapidly to a value about 10 percent lower than thatof the Jet Mix fuel.
The altitude operational limits with Jet Mix fuel are 7500 to 8000 feet
lower than the limite with JP-3 fuel, as shown in figure 3(a).

J35 combustor. - The combustion efficiency wvalues obtained with
Jet Mix fuel iIn this combustor are better than those obtained with JP-3
fuel at 90~percent simulated rated rotor speed; however, the order is
reversed at the low simulated rotor-speed condition. The maximum dif-
ference in combustion efficiency at—either speed was about 4 percent
(fig. 2(b)). The altitude operational limit curves followed a similar
pattern, with JP-3 fuel providing limits 12,000 feet higher than Jet.
Mix fuel at 40-percent simulated rotor speed, as shown in figure 3(b)
As similated rotor speed increased, the difference decreased; at 85-
percent normal rated rotor speed, the altitude operational limits of the
two fuels are identlcal. . . .o

J47 combustor. - The combustion efficiency data obtained with this
combustor indicate the same trends observed in the J35 combustor; that
is, at the low simulated rotor-speed condition (fig. 2(c)), the JP-3
fuel provides higher efficiency values over most of the altitude range
investigated, whereas at the high similated rotor-speed condition the
order is reversed. The meximum difference in combustion efficiency was

2428
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greater with this combustor, being approximately 8 percent at the low
similated rotor-speed condition. The altitude limit curve obtained with
each fuel 1s identical at each end of the range of rotor speeds inves-
tigated (fig. 3(c)), but elsewhere the limits observed with Jet Mix fuel
were as much as 7000 feet lower.

Annular combustor. - The Jet Mix fuel gave higher efficiencies in
the annular combustor at altitudes above 30,000 feet and the low simu-
lated rotor-speed condition, with a meximim difference of 6 percent at
40,000 feet, as shown in figure 2(d). At the high simulated rotor-
speed condition, the JP-3 fuel gave higher combustion efficiencies
over the altitude range investigeted, varying from 1 percent at 30,000
feet to 9 percent at 50,000 feet. No differences In sltitude opera-
tional limits of the two fuels were observed in this combustor.

The three ftubular combustors used in this investigation had, in
general, higher altitude operational 1limlts with JP-3 fuel than with
Jet Mix fuel. The difference in combustion efficiency velues obtained
with each fuel depended on the specific altitude and rotor-speed con-
dition simulated; generally, the JP-3 fuel provided efficiencies 3 to
5 percent higher than Jet Mix fuel at the lowest slmulated rotor speeds
end gltitudes investigeted, wheress the Jet Mix fuel provided efficien-
cies 2 to 3 percent higher than JP-3 fuel at the higher simlated rotor
speeds and altitudes investigated. The trends in combustion efficiency
data for the NACA annulser combustor are opposite to those obtained with
the tubular combustors and no difference in altitude limits was observed
with the two fuels 1n the annular combustor.

Carbon-Deposition Characteristics

The amounts of carbon formed by the two fuels in 4 hours of opera-
tion of the J33 combustor are plotted in figure 4 on a previously
developed correlation curve given in reference 3. The unleaded Jet Mix
fuel formed twice as much carbon (7 g) as did the particular JP-3 fuel
used in this investligation. Single-combustor and full-scale engine
carbon-deposition values are anslyzed and plotted on this correlation
in reference 2, showing that a fuel having an NACA K factor of 310 or
less will not gilve carbon-deposition problems in current turbojet
engines thet have been designed for use with JP-3 type fuels. Figure 4
shows that Jet Mix fuel has a K factor of approximetely 305 and there-
fore will operate satisfactorily without forming excessive carbon
deposits. This fuel quality estimate does indicate, however, that Jet
Mix fuel is marginal with respect to carbon deposition and that other
Jet Mix fuels with a larger percentage of aromatic constituents can be
expected to yleld more carbon.
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The tetreethyl lead additive that would be present when the fuel
is blended from leaded MIL-F-5572 fuel sboard carriers could result in
increased deposlts. An investigation of carbon depositioun in a J33
single combustor using fuels containing metallic organic edditives, in-
cluding tetraethyl lead, 1s described in reference 8. The results
indicated that the concentration of tetraethyl lead that would be pre-
sent in Jet Mix fuels used in carrier-based aircraft would probebly de-
creage carbon formetion but the added lead oxide depositlon would
probebly increase the total welght of deposits.

CONCLUDING REMARKS

The performance investigatlion with both tubular and esnnular type
combustors indicates that Jet Mix fuel can be used satisfaciorily over
the normal operating range in a mumber of representative current—turbo-
Jet engines. A small (3 10 5 percent) gain or loss in combustion effi-
ciency from that provided by the JP-3 fuel used in this Investigation
may result but-the variation in performance may depend on the particular
altitude and rotor speed condition at which the engine is operated if
the Jet Mix fuel is used. In the J33 combustor, the altitude limits
were lowered sgpproximately 8000 feet with Jet Mix fuel fthroughout the
simulated rotor speed snd altitude range investigated. For the other
tubular combustors, the Jet Mix fuel gave lower altitude limits than
the JP-3 fuel only in the low simlsted rotor-speed range+— No differ-
ence in altitude-operationsl limits between fuels was found with the
experimental NACA snnmuler combustor. No excessive carbon deposite were
encountered with unleaded Jet Mix fuel, although this fuel may he mar-
ginal in this respect.

Lewls Flight Propulsion Leborstory
National Advisory Committee for Aeronautics
Cleveland, Ohio, April 21, 1954
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TABIE I - FUEL ANALYSES

NACA RM ESLJLY

MII-F-7914,{ Unleaded
Fuel properties MIL-F-56244 (JP-3)| Navy Jet Mix |grade JP-5 {MIL-F-5572
(NACA fuel 51-186)| (NACA fuel {NACA fuel | (NACA fuel
§1-201) 51-170) 49-167)
A.8.T.M. digtillation
D86-48, (°F)
Initial boiling point 118 142 357 120
Percentage evaporsated
5 158 192 371 1=6
10 177 230 375 161
20 205 289 385 182
30 234 338 393 196
40 263 371 402 205
50 294 394 411 210
60 328 407 421 217
T0 359 420 433 221
80 397 436 448 227
90 433 457 464 239
Finel bolling polnt 492 499 502 309
Residue (percent) 1.3 1.1 0.7 1.0
Loss (percent) 1.1 1.0 .2 2.0
Freezing point (°F) -82 60 | memee ] amaa-
Arometics 9.0 13.4 ————— ————
Silica gel (percent by
volume)
Olefins
Silica gel. (percent by .5 S| emeea —————
weight)
Gravity
OAPT 55.8 48.7 43,7 66.3
Specific 756 . 785 .808 715
Reld vapor pressure 6.5 2.0 2 5.0
(1b/sq in.)
Hydrogen-carbon ratilo 171 84 | emmemen | mmeme-
Heat of combustion 18,740 18,670 |  ememe—a— —————
(Btu/1b)
Gum, (mg/100 ml)
Air jet residue 1 2 cmmmmm— | eme———
Accelerated 5 4 ——————— ——————
Aniline point (°F) 137.1 142.2 145.8 | comee-
Bromine number o7 B | mmmmaema Y
Flesh point (°F} |  —mmmmmeme | eemmemeee- 142 | e

82¥%2
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TABLE II « PENFORMANCE DATA FROM SEVERAL COMBUSTORS OPERATING WITH NIL-P-5824A (JP-5) AWD JET MIX FUELS AT MACH NUMBER O.60
{a) 755 aombuator

|steiated| Parcent|Combustor | Combustor [Alr flow|Combustor|Fuel flow|Fusl-air[Mean com— Mean tem- Combustion | Total- Fual nozzle
altitude [rated |inlet total|inlet (1b/sea) |referance| (1b/hr) |ratio bustor cutlet|perature efflclanoy|preasura differential
(re) angine |pressura tu?erat:u-a yalool ta ature |rise through drop through|preasure
spead (in. Hg) oR) (ft/nea ) cowbus tor combus tor {in., Hg)
(9F) (in. Hg)
MIL-P-5824A (JP-3) fuel
20,000 60 33,2 805 2.13 108 60,7 0,00881 996 580 0.781 2.9 6
70 41.3 654 £.68 118 Bd.& Q0887 1080 438 +875 2.8 12
80 51.6 708 5.13 121 835.6 L0742 1245 536 679 4.6 57
90 86.5 752 5.43 108 129.4 .0108 1515 783 1.03 4.9 76
50,000 80 2.6 §70 1.82 108 40,5 00740 930 380 +E42 2.8 -
70 28,5 618 1.90 116 49,7 00727 1045 426 »785 2.9 7
80 36,8 870 £.21 118 64.5 .00811 1205 555 .825 5.3 13
a0, 35.8 669 B.R0 116 B5.8 .008R7 1230 B8l .018 3.2 13
90 45.2 724 .44 10 95.4 +0108 1510 788 L.01 3.8 58
100 55,3 778 2.80 103 155.8 0148 1843 1067 1.03 3.8 g2
40,000 80 14.5 648 1l.02 109 54.8 00946 0B 587 498 1.5 e
70 18.5 5968 1.24 112 57.8 ODBAB 1010 14 .668 1.2 -
80 23,% 647 Ll.dé 112 47.3 00916 1210 565 6831 2,2 8
80 29.8 700 1.65 108 67.1 .0118 1500 800 L] 2.3 17
100 58.3 755 1.71 99.9 97.4 Q188 1820 1087 871 2.6 42
50,000 80 9,0 b50 848 110 Redquired temperattire rise unattalnable —e—-————————p= -
60 9.0 660 842 110 32.0 .Q138 810 560 348 1.2 ——
70 11.5 6538 . 787 118 51l.4 0111 1016 419 .505 1.2 -
B0 14.53 648 .805 114 56.0 «0107 120 BBE . 715 1.6 v
80 18.2 08 .988 107 45,1 .0127 1500 788 .876 1.7 -
100 22.6 754 1.010 98.2 62.0 0171 16816 1061 .685 1.6 -
0,000 70 7.2 598 +485 | 113 43.8 0260 1010 414 229 .9 -
B0 9.1 648 +560 112 40,0 .0189 1216 56T 506 ] -
80 1l.4 899 +809 108 39,1 .QLl78 1500 801 636 1.0 -
100 14.0 753 854 88.0 .l .0187 16820 1087 .828 1,0 -—
Jot Mix fuas)
20,000 &0 33.1 608 2.13 109 62,0 0,00880 288 589 0,781 2.9 7
70 Al.Y 6558 2.67 118 85.0 00865 1090 455 690 5.7 12
80 51.8 710 5,13 181 85.6 .Q0759 1248 B35 859 5.0 57
o o] 85,0 727 5.52 1 134.1 0108 1810 783 1.00 5.0 78
30,000 80 20.6 569 1,54 108 42.8 L0768 958 Z66 632 2.2 ]
70 28.% B13 1.85 118 50.8 00747 1040 424 .768 2.8 7
a0 35.8 870 2.8l 118 88.5 ,00838 1e30 580 810 5.2 13
a0 38.8 670 2.20 115 86,0 00833 126 565 .B06 5.3 13
80 45.2 24 2.44 110 97.2 L0111 1505 761 .862 3.6 40
100 85,8 778 3.8 108 14kh.R L0163 145 1087 1.01 5.8 98
40,000 a0 4.4 649 1.04 112 38.9 .00886 806 556 . 1.6 -—
&0 Ldod 547 1,02 109 36.7 .0100 805 558 ATS 1.5 -
70 18,8 698 1.04 2 38.9 .00870 1010 [y .838 1.8 -
] 25.4 B47 L. 43 111 49.1 Q0853 1e10 563 +602 2.2 ;]
90 29.8 701 1.8%8 108 67.9 0120 1500 789 -850 2.5 16
100 38.5 762 1,70 29,0 88.6 .C181 lee0 1068 .358 2.5 «0
50,000 80 9.0 548 848 110 .- | +————Required tesperature rise unattelpable >
7q 11.5 596 793 118 34.1 0120 1010 414 o464 1.3 -
80 14.5 E48 200 | 113 36.4 ,0112 1210 B62 +685 1.5 -—
20 18,2 702 980 108 47.0 L0153 1600 788 «B4] 1.6 -
100 22.5 783 985 2.8 635.0 0176 1820 1067 .6870 1.6 15
80,000 g0 1l.4 700 612 108 35.8 .0153 1500 800 .T36 1.0 -
100 14.0 763 862 98.8 4h.d 0188 l82s 1072 . 1.0 —
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TABLE II - PERFORMANCE DATA PROM SEVERAL COMBUSTCRS OPERATING WITH MIL-F-5624A (JP-5) AND JET MIX FUELS AT MACH NUMBER Q.80 - Continusd

(b) J35 combustor

Similpted| Simulated] Combuntor | Combuntor |Alr flow|CombustoriFuel flow|Fusl air|Msan oom- Masn tem-~ Combustion [Total Fuel
altitude |engine inlet inlet (1b/sec) |reference| (1b/hr) |ratio bustor outlet|psrature risa|efficlency [preasure nogzle
(£t) epssd statlc tempersture velood t ture | throvgh com- Jdrop through |differentind
?.:pﬂ) TeBsure R) (rt/cec (5;) h'uatos.F o tor  |presaure
in, Hg} (°r) (in. Bg) (4n. Hg)
MIL-F-55244 (TP-3} fuel
20,000 3000 25 530 1.4 50.6 18.5 0.00387 40 210 0,740 i -
4000 a7 570 2.3 76,1 28,5 L0054k alo 240 -307 —_ -
5000 36 &10 3.2 87.4 ) 00458 9gs 31k 914 - 5L
8000 &7 676 &5 96.8 100 00846 114D 485 965 - B7
30,000 % 18 . 4850 1,0 al.2 13 00528 890 204 480 - —
18 525 1.8 8.5 25.6 00408 780 258 748 —_ -
5000 24 576 2,5 86 .4 38.5 00465 aek 310 .870 - 33
acoo 33 83b 3.0 . 90.5 77 .0Q71s 1150 455 -.828 - 85
000 44 700 5.6 an.7 153 .0l118 1510 810 354 - T7
40,000 5000 10 480 0.7 0.8 7.0 00278 Lean limit blaw—out -
4000 12 505 1,1 72,68 20 .0D503 740 255 .602 -— -—
2000 15 855 1.5 a7.0 28.5 005238 [:[:14] 303 7568 — 18
8000 21 815 2.0 9l1.8 b6 L0764 1120 508 .882 - =]
. 7000 28 660 g.ﬂ 87,4 102 .Q123 1510 830 .038 - 76
. 8000 S5k 740 .6 88.6 1E4 195 1900 1180 L5980 — a7
50,000 4000 3} 505 0.70 83,3 15.5 00613 lean 1imit blow-ou >
5000 10 550 0.80 17.6 3 00710 880 310 573 - -
8000 14 8l 1.2 82.6 &= 00872 1120 505 <697 - pa1: ]
7000 18 880 1.4 82.9 72 143 1510 830 .811 -— 78
8000 "2l 740 1.6 8B.3 113 Q186 19Q0 1160 882 —— a5
80,000 S000 7 B50 0,70 86.2 21 006853 |w—————ms——  Lpan 1limit dlow-cut -
6000 9 815 Q.50 86.4 [ L0157 1120 805 A58 - 8l
7000 12 880 1.0 ag.a &4 .qL7& 1310 [:& o 857 —-— 78
8000 15 e 1.1 ad.Q 88 0217 1900 1160 « 75k - as
Jat Mix fuel
20,000 3000 23 S50 1.4 50.6 20.0 0,0Q387 740 210 0.888 — -
4000 a7 B70 2.3 T6.1 30,5 00388 810 240 -.ES0 - 26
5000 55 8lo 3.2 87.4 53 925 315 .902 - 51
8000 47 B873 4.3 06.8 104 00872 1140 485 532 - 73
30,000 3000 15 4B0 1.0 6l.2 17.0 00472 Lean limit blow-oub
4000 19 528 1.8 89.3 28.0 . 780 236 708 - -
5000 -1 B78 2.% 86.4 40.0 00483 st 310 E43 - 40
8000 35 835 3.0 290.5 8z 00752 49€ 877 - 85
7000 44 685 5.8 8d.1, 187 L0121 1819 818 940 —_ 17
40,000 4000 e 505 1.1 72.6 28.5 00720 T40 235 426 - ~—
5000 16 580 1.8 87.8 29.5 ,00548 880 300 722 -_— 24
6000 al [:31 ] 2.0 91,8 80 00853 1120 908 «8lé — 65
7000 28 6§80 2.3 87.4 106 0128 1310 aso 908 - 78
8000 1 740 2.6 88,8 172 L0184 1800 1180 .918 - as
50,000 4000 a 500 0.7 68.6 24,5 .00958 Laan lisdit blow—out——
5000 146 580 0.50 79.0 1, 00664 asd 500 .586 - -
8000 14 815 1.2 82,8 47.0 .0108 1180 505 .628 —— 52
7000 182 880 1.4 82.9 6% 0157 1510 850 347 e Th
8000 al 740 1.8 8s.3 110 0191 190G 1160 .886 - as
60,000 5000 7 560 0,70 a7.8 £1.0 00833 Lean limlt blow—ouf—o
. 8000 9 815 0.80 98.4 58 L0173 1120 505 . - 89
. 7000 12 aso0 1,0 a3.8 64 0178 1510 830 .660 —_— 78
! 000 18 ™D 1.1 88.0 & Riral:] 1800 1180 .T82 — al

Rk 2 '
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TABLE Il - PERFORMANCE DATA FROM SEVERAL, COMBUSTORS OPERATING WITH MIL-F-5624A (JP-3) AND JET MIX FUELS AT MACH NUMBER ©,80 -~ Contimied
(e) 747 aombustor

LIPTISE W VDVN

Similated] aiwulated| Combustor|Combustor |Air flow|Combuator|IMuel flow| Fuel air|Mean com- Mean tem- Copbustion| Total Fuel
altitude | engine inlat inlet (1b/men)|vefarsnas| (1b/hr) |ratic |bustor outlat|perature rise|efficiency|pressure naszle
(rt) spaad total ature veloal temperatire | through com- drop through|differsntial
rpm) spure OR) (tt/sea {°R) bustor aombustor  |preasure
{in. e) (%) (in. Hg) | (in. Ha)
MIL-F-B824A (T9+3) fuel
20,000 Q00 20.7 528 2.21 £8.0 22,9 0,00288 650 122 546 - ——
4000 268.0 584 3.24 106 30.8 00264 7458 161 . 790 - 7
5000 42,7 653 & 46 107 48.4 00301 866 212 .821 Lt 21
50,000 | 4000 1.5 580 2.27 | 102 25.7 .00315 708 165 637 - _—
3000 30.2 818 3.19 103 39,8 00345 840 222 041 - 13
8000 43.4 694 4.22 106 85.9 00566 1105 411 .972 - 78
40,000 4000 12.7 532 1.51 90.2 18.4 00338 890 158 604 —-— —
S000 19.8 598 2,09 100 30.0 Q0308 815 217 .71l - -
8000 28.0 €70 2,75 103 8l.3 00818 1090 420 «806 -— 39
7000 - 754 5.07 102 127 0118 1650 796 871 e 158
7500 58,7 T84 3.11 98,8 laa +0156], 1800 1016 .970 - 178
80,000 4000 7.8 530 0,481 | 105 15.6 00458 |« - Lean limlt blow-out
5000 12.2 gas 1.30 8.3 23,8 00602 a28 257 .817 - ——
8000 17.7 874 1.72 103 42,8 00686 loas 411 .B02 - 18
7000 22.2 780 1.82 1058 4.5 .0125 1586 7958 912 —_— a2
7900 25.5 823 1.81 pa,.2 1350 .0189 2010 1181 822 —— 161
80,000 4000 5.8 556 0.687 103 17,0 200887 |« Lean 1imit blow-ocut
5000 8.8 585 0.538 99.6 23,5 .00898 alo 216 . - ———
6000 12,1 675 1.24 108 58.5 .00861 1088 410 «540 - —
7000 15,3 5], 1.37 108 85.0 ,0128 1550 799 873 - 45
7900 17.8 828 1.%8 102 94,8 .0198 2010 11a2 . - 118
Jet Mix fuel
20,000 3000 20.8 530 2.19 87.7 28.3 0.00333 ens 126 0.487 - Ll
4000 28.0 505 3.24 108 53.8 .Q0285 780 187 . 762 - 7
5000 42.7 653 .50 los 49.5 00308 860 207 «BpO - 20
30,000 4000 19.9 650 2.26 101 29,5 .00582 706 163 557 - -—
5000 30,2 818 3,18 102 58.8 00344 as0 212 807 - 13
§000 45.4 891 &.24 106 88,8 .00EB1 1110 419 063 - a8
40,000 4000 12.7 580 1.650 102 28,0 00517 Lean limit blow-out
5000 18.8 598 2.09 101, 51,8 004258 810 212 .887 — —
8000 28.0 872 2.78 104 82.4 00830 1030 418 .890 —_ 57
7000 55.5 758 3.06 102 127 00116 1550 795 870 - 150
7800 58,7 793 3.07 99,0 168 ,0180 1808 1012 077 - 171
60,000 4000 7.8 b40 0.947 99.9 20,4 005989 Teaan 1limit blow-out:
5000 12.0 802 1.30 103 21,5 00458 790 168 558 - -
6000 17.7 674 1.78 104 44.9 00720 1085 421 . 787 - 17
7000 22,2 707 1.92 103 82,0 .0118 1545 788 933 — Th
7800 25,3 850 1.91 28,1 130 ,0188 2020 1190 933 - 155
80,000 5000 8.8 597 0,084 | 100 18,2 ,00567 850 2353 541 . ——n
8000 12,1 871 1.24 108 55.2 .00789 1088 414 « 707 - ———
7000 15,3 750 1.37 105 8%.5 0129 1566 214157 .882 - 40
7900 17.6 8a7 1.58 1o2 98,2 0197 2010 1185 .890 o 106

TI



TABLE I1 - PERFORMANCE DATA FROM SEVERAL COMBUSTORS OPERATING WITH MIL-F-5824A (JP-3) AND JRET MIX FUELS AT MACH NUMBER 0.60 - Concluded

3

(d) NACA ammular combustor

Simulated|Simulated|Combustor|Combustor |Air flow|Combustor|Fuel Flow|Fuel alr|Mean com- Mean tem- Combustion| Total Manifold
altitude jengine inlet inlet (1b/mec) |reference (1b/hr) [ratlo bustor outlet|perature rise|Efficiency|preasure differential
(ft) speed total te grature : veloel temperature com~ drop through| pressure
?erpm) reasure m}() R) (£t/sec (°R) stor combus tor (in. Hg)
in. Hg) (°F) (in. Hg) -
MIL-P-5624A (JP-3) fuel
30,000 7,800 19.7 540 3.05 85.8 112 0.0103 1158 615 0.803 - ——
8,700 23.5 560 3.67 90,5 132 .0100 1198 635 .855 —-— ~—
92,600 28.2 604 4.55 96.4 169 .0108 1303 699 .885 ——
40,000 7,800 12.8 580 1.91 88.5 102 L0148 1260 700 .660 -—=
8,700 15.9 540 2,31 81.0 119 0144 1223 683 «859 ——
9,800 18.1 579 2,71 89.7 121 0124 1316 137 2812 —em ——-
10,400 2.3 612 3.05 9Q.6 157 L0143 1485 873 ".ake -—- -—-
11,300 24,7 653 3.32 90.7 204 Q171 1762 1109 .930 ——— ——
50,000 10,400 12.8 602 1.65 8(0.3 167 .Q283 1720 1118 .599 —— ——
11,300 15.1 663 1.85 83.0 167 .0254 1997 1334 .789 -— —e-
53,000 11,300 11.8 646 .27 72,0 135 .0296 2100 1454 . 755 ——— ———
Jet Mix fuel
30,000 7,8Q0 19.7 544 3.04 86.9 113 0.0103 1156 612 0.800 -— —
8, 700 23.5 544 3.68 88,2 133 Q100 1184 640 .859 — ———
9,800 28,2 600 4.4) 96,2 168 .0106 1289 689 .883 —— ——
40,000 6,100 8.30 480 1.21 72.4 Required temperature riss unatfainable
7,000 10.1 500 1.50 76.7 Required temperature rise unattainable =
7,800 12.5 544 1.91 86.0 89,0 .0130 1211 667 <709 —— -—
8, 700 14.9 S44 2.32 87.8 102 L0122 1254 680 .780 - ——
9,600 18.1 582 2,71 90.2 114 20117 1287 7085 .835 —— ——
10,400 21.0 617 3.06 83.0 168 .0153 1493 876 .808 —— ——
11,300 24,5 648 3.352 90,8 210 .0176 1759 1111 .912 -— ——
50,000 10, 400 12,8 811 1.65 81.5 156 20263 1725 1114 634 ——— ——
11,300 14.9 655 1.81 82.3 194 .0297 1989 1334 .691 ——— —
58,000 10,400 9.80 605 1.10 70.3 Required temperature rise unatialnable
11,30Q 11.8 641 1.28 70.8 171 | 0377 | 2140 1499. . ——— ———
60,000 11,300 9.20 657 .805 59.6 ble

Required t'emperamre riu'e u.m.ttainai
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2428

NACA RM E51JLT W
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Figure 1., - Variatlon of combustlon effloclency with simulated engine rotor

speed over altitude range from 20,000 to 60,000 feet for several
combustors, Fuels, Jet Mix and MIL-F-56244 (JP-3); Mach nimber, 0.6,
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Figure 1. - Continued.

number, 0.6,

(b) J35 combustor.

9x103

Variation of combustion efficiency with simulated
engine rotor speed over alitltude range from 20,000 to 60,000 feet for
several combustors. Fuels, Jet Mix and MIL-F-5624A (JP-3); Mach
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Figure 1. - Contlnued. Variation of combustion efficiency with
slmulated englne rotor speed over altitude range from 20,000

to 60,000 feet for several combustors. TFuels, Jet Mix and
MIL-F-5624A (JP-3); Mach number, 0.6,
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Figure 1. - Concluded.
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Veriation of combustion efficiency with simulated
engline rotor speed over altitude range from 20,000 to 60,000 feet for

Fuels, Jet Mixr and MII-F-56244 (JP-3); Mach
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Figure 2. - Effect of altltude on combustion efficiency obtained
at two constant simuleted rotor speeds for several combustors,
Fuels, Jet Mix and MIL-F-5624A (JP-3); Mach number, 0.8.
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Combustion efficiency, percent
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Flgure 2. - Contilnued. ZEffect of altitude on combustion
efficlency obtained at two constant simulated rotor
speeds for several combustors. Fuels, Jet Mix and
MIL-F-5624A (JP-3); Mach number, 0.6.
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Combustion efficlency, percent
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Figure 3. - Comparison of altitude operational 1limite obtailned with
Jet Mix and MIT-F-5624A (JP-3) fuels for several combustors.

Mach number, 0.6.
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Comparison of altitude operational limits obtained
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